Safety is the preliminary requirement for all drilling operations. The main goal of any drilling company is to drill a well with environmental safety, usable well completion and minimum costs. Environmental drilling safety has improved a lot during the last 30 years across the world. It has been proved that environmental safety is one of the key elements for each company to save the world from contamination. This article attempts to shed light on the basic issues regarding environmental risk assessment of drilling industry in Iran and present the initial steps to minimize the risks. It has been tried to discuss the essential defects that exist in the environmental regulations of Iranian drilling industry via a comparison between American and Iranian environmental drilling regulations and finally the results of the comparisons are demonstrated in detail.
Introduction
Drilling operation tackles with diverse hazards among which environmental ones are considered a chief part. Evidently, environmental issues are now a great global concern. Its been tried to reduce the risks by any possible efforts. Polluted environment can affect peoples" health. In drilling implementation, the contaminations may arise either through accidental discharge or uncontrolled industrial wastes. Undeniably, it constitutes one of the main environmental problems linked to the activities of oil and gas companies. Since the early 90's, regulations do not authorize hydrocarbon losses and the closure of the site after drilling without treatment. Remediation technologies include dewatering, distillation, solvent extraction, cuttings reinjection, fixation, land farming and (bio) remediation. If not controlled, they will cause irreplaceable damages (Linyu et al., 2009) , ( Mohamed Khodja et al., 2005) Environmental risks should be identified, measured and managed in order to reach an acceptable level. This process is available via environmental risk assessment. Diverse methods have been discussed in papers. Dealing with numerous qualitative and quantitative methodologies, the studies have found that drilling mud discharges, drilling cuttings, mud pits, and other drilling operations can be a great threat to the environment (Shadizadeh., 2008) , (Miri Lavasani et al., 2011) , (Liu et al., 2012) . The risks are elaborated numerically or via frequency or consequence levels. The quantitative methods however, are said to be more accurate (Thomas et al., 1995) , (Jon Espen et al., 2009 ). A precise risk assessment would result in environmental and economical benefits for any company. In this study, looking at a different aspect of drilling environmental problems, we have investigated the deficiencies in Iranian environmental drilling regulations. It has been explained that the regulations in the very step of drilling implementation can cause environmental threats. There have been progressive approaches in Iran about these issues. The administrators are working on gradual improvements of controlling mud and waste discharges. The wells are gradually being equipped with safety systems to reduce environmental contaminations; however, there is still a long way ahead. It is hoped that the results of this article, in continuation with other relative researches in drilling, will help find the basic flaws of the environmental regulations in drilling industry of Iran and beneficially introduces effective methods in this field to global oil and gas companies.
Environmental Considerations in Drilling Industry: Rules and Regulations
Modern governments adopt laws and regulations to protect environmental quality and human health. The fundamental justification for environmental regulation is to control harmful externalities that arise when an individual or organization releases pollutants that are harmful for the environment. The environmental regulations may also be considered as a method to protect people and organizations from their own poor decisions. These decisions might be due to insufficient information in a special field. Drilling industry, fraught with harms to the environment, demands firm rules to prevent extravagant damages to people and environment. In this paper, a selective collection of environmental rules of drilling in the U.S. are mentioned. It should be noted that U.S. is a pioneer in oil and gas drilling. Finally, the environmental rules and policies in Iran are elaborated.
Environmental Regulations of Drilling in USA
The Environmental Protection Agency (EPA) is responsible for regulating the discharges of water, oil and gases related to the petroleum sector. The EPA, in conjunction with other federal agencies, regulates the emissions of onshore and offshore oil-drilling sites. As of August 2010, the EPA doesn't require the petroleum industry to publish a Toxic Release Inventory (TRI), which is a report on the data collected from various industries on toxic chemicals released into the environment (central pollution control ). Both onshore and offshore drilling regulations and policies for air quality, environmental wastes that influence soil or water qualities are legislated and documented. Any avoidance from these laws is prohibited and would cause heavy penalties (Alan Spackman, 2009) Numerous governmental agencies issue such regulations to implement and enforce the laws of the applicable jurisdiction, which often involve lengthy permitting procedures, impose difficult and costly compliance measures particularly in ecologically sensitive areas, and subject operators to substantial administrative, civil and criminal penalties or injunctive relief for failure to comply. Changes in environmental laws and regulations occur frequently, and any changes that result in more stringent and costly compliance could adversely affect our consolidated financial statements. While we believe that we are in substantial compliance with the current laws and regulations, there is no assurance that compliance can be maintained in the future (US department of energy). The environmental regulations of drilling in the US consist of two major parts: Federal and State Regulations. The first is listed by issuing agency. The relevant federal regulatory agencies include the U.S. Environmental Protection Agency (EPA), the Department of the Interior's Bureau of Land Management (BLM), and the Bureau of Ocean Energy Management, Regulation and Enforcement (BOEMRE) (California Department of Conservation Division of Oil, Gas, and Geothermal Resources, 1976) . State regulations vary widely. State laws on drilling and production activities of oil, gas and geothermal resources wells for the purpose of conserving and protecting those resources take precedence over local regulations, particularly where the state law approves of or specifies plans of operation, methods, materials, procedures, or equipment to be used by the well operator or where activities are to be carried out under direction of the state Supervisor (Kalhor Mohammadi et al., 2008) .
Iran's Environmental Regulations for Drilling
More than 200 wells are drilled in Iran for exploration and development operations every year. These drilling operations would annually generate millions of barrels of wastes that have become a main problem for the major operators and their future liabilities. Also, the total well construction cost increases by increasing environmental restriction every year. Implementing new technologies for drilling waste management requires long term goals for operators with environmental and economical investigations to keep them in compliance with current regulations. It should be considered that monitoring and reviewing the waste management practices can improve the performance of the designed plan for a country such as Iran with consecutive increase in drilling operations (NIDC brochure, 2011) . Under article 50 of Iran"s constitution, each national company and organization must obey environmental rules. Whether the regulations are followed or not is not the subject of discussion in this section, however it is clear that there are not enough rules and guidelines in the drilling industry in Iran. Article 50 of the constitution, also referred to as "preservation of the environment", states "The preservation of the environment, in which the present as well as the future generations have a right to flourishing social existence, is regarded as a public duty in the Islamic Republic. Economic and other activities that inevitably involve pollution of the environment or cause irreparable damage to it are therefore forbidden." 2.2.1. Environmental Policy of NIDC National Iranian Drilling Company (NIDC) has extensive operational sections and programs based on environmental protection rules. The company is intended use environmental management system (EMS) to ensure that the drilling process is environmentally safe. The company's environmental targets, which are followed during drilling operation process, include:
• Identification of all environmental aspects and impacts of drilling operations, services, tools,
• and accessories in the company in order to reduce environmental impacts.
• Reducing discharge of pollutants and wastes in the environment.
• Informing contractors and employers of environmental information, standards and regulations • Holding training programs for personnel to provide them with information about the environmental programs of the company and receive useful feedbacks • Informing safety officers, managers, supervisors, and employees of the applied requirements for environmental protections and their responsibility to obey the regulations Each company manager is responsible for ensuring that these policies are followed up in the company. Every manager must be familiar with environmental issues and inform the employees (Marry Annette Rose, 2009 ).
Identification of Environmental Risks of Drilling
When crude oil is released into the environment, biological, physical, and chemical processes (referred to as weathering) alter the oil"s original characteristics. Lighter oils tend to be volatile, reactive, and highly flammable, while heavier crudes tend to be tarry and waxy and contain cancer-causing polycyclic aromatic hydrocarbons (PAH) and other toxic substances (LI Wei-Xin et al., 2008) . The drilling process is fraught with peril. Many aspects of the drilling process can cause environmental impacts, from locating the oil, to drilling and pumping the oil to the surface, to the infrastructure required to drill and transport it. 3.1. Locating the oil To find potential oil reserves, researchers send seismic waves into the ground. The waves bounce back to reveal the buried topography and can hint at a possible reserve. But seismic noise disorientates whales and leads to mass beaching Seismic surveys have also been reported to impact fish and marine life. Whales in particular are extremely sensitive to the seismic waves generated when searching for oil and gas deposits in the sea bed. The noise causes them to become disoriented, which can lead to disruption to migratory patterns and even mass beaching. It is also reported to impair the health and hearing of fish (US department of energy).
Water Pollution
There are two main sources of water pollution from offshore drilling: drilling fluid and oil spills and leaks. Firstly, the risk of oil spills, leaks and catastrophes is another key consideration. Some proponents of offshore drilling in the Gulf of Mexico claim that the marine life in that region is pre-adapted to oil in the water due to natural seeps. There have also been claims that offshore oil drilling can reduce the amount of oil leaking into the ocean from these natural seeps (Patin, S. A, 1999). Secondly, the drilling fluid is claimed to be toxic to marine life. This fluid, used to lubricate, cool and regulate pressure when drilling, contains petroleum products and heavy metals. The impacts of drilling fluid differ significantly, because it's so often made up of different concentrations of the above elements and applied in different ways. The majority of available studies of liquid and solid wastes of the offshore oil and gas industry give very different estimates of their toxicities. They are difficult to compare, due to the variability of the chemical composition of these discharges (United states environment protection agency) (Sadiq R, 2003) . Recent studies have revealed that produced waters frequently contain naturally occurring radioactive elements and their daughter products (US department of energy). Radioactive wastes from oil and gas drilling take the form of produced water, drilling mud, sludge, slimes, or evaporation ponds and pits. It can also concentrate in the mineral scales that form in pipes (pipe scale), storage tanks, or other extraction equipment. Radionuclides in these wastes are primarily radium-226, radium-225 and radon gas. The radon is released to the atmosphere, while the produced water and mud containing radium are placed in ponds or pits for evaporation, re-use, or recovery (European Soil Data Center).
Air Pollution
Air pollution is generated from the operation of machinery on offshore and onshore oil rigs as well as the burn-off of gases. Without factoring in the air pollution from its end product or the refinement process, the oil platforms themselves have an impact on local air quality and globally on climate change. It is estimated that over its lifetime, which is ten to twenty years, "a single rig can pollute as much as 7,000 cars driving 50 miles per day" (USPIRG). The NRDC States that "an average oil and gas exploration well spews roughly 50 tons of nitrogen oxides, 13 tons of carbon monoxide, 6 tons of sulfur oxides, and 5 tons of volatile organic chemicals(EEA website).
Soil Pollution
This type of contamination typically arises from the rupture of underground storage tanks, application of pesticides, and percolation of contaminated surface water to subsurface strata, leaching of wastes from landfills or direct discharge of industrial wastes to the soil. The most common chemicals involved are petroleum hydrocarbons, solvents, pesticides, lead and other heavy metals. The occurrence of this phenomenon is correlated with the degree of industrialization and intensity of chemical usage. Some critical heavy metals that contaminate soil include arsenic, cadmium, chromium, copper, mercury, nickel, lead and zinc (EEA website). Contaminants in the soil can hurt plants when they attempt to grow in contaminated soil and take up the contamination through their roots. Contaminants in the soil can adversely impact the health of animals and humans when they ingest, inhale, or touch contaminated soil, or when they eat plants or animals that have themselves been affected by soil contamination (European Soil Data Center).
Methods of Quantitative Environmental Risk Assessment in Drilling Industry
The technique of risk assessment is used in a wide range of professions and academic subjects. It is used to examine risks of very different natures. A typology of risk assessment methods in use or development is shown in Fig. 1 and breaks environmental risk assessment into:
• Human Health Risk Assessment • Ecological Risk Assessment • Applied Industrial Risk Assessment Applied industrial applications are likely to include engineering risk assessments as part of the overall environmental risk assessments and may take an integrated approach to human and environmental risks. They lay much more importance to ensuring that the risk assessment can be used to make a risk management decision intended to protect humans and the environment (and the company) within defined spatial boundaries (EEA website). Risk must be determined both qualitatively and quantitatively from clarified facts and well-defined and accepted scientific approaches. Risk assessment provides a systematic scientific description of potential adverse effects from exposure to contaminants. The process should clearly define and describe hazards, exposure pathways, the nature of the adverse effects and their severity, uncertainties associated with data and their sources, as well as potentials for both the (UK Government and Industry Working Group Conference, 1993) reversibility and preventability of risks (AFSC, 1997).The most conservative mathematical models used in quantitative risk assessment (QRA) are virtually insensitive to the actual experimental data and should be viewed only as a risk management solution, not a risk assessment technique (Edward L et al., 2008) . Based on environmental impacts and risks discussed in the previous section, the environmental risk assessment in drilling falls into four main parts that will be discussed individually: water pollution, air pollution, soil contamination and contaminations of hazardous chemicals.
Air Pollution Risk Assessment
Concern about air pollution risk takes two main forms. The first is the greenhouse effect -the collective contribution of a group of gases (known as greenhouse gases), which results in global warming and has potentially catastrophic consequences for our climate .the best-known greenhouse gas, and the one on which most emission-reduction temps are focused, is carbon dioxide (Edward L et al., 2008) .
Water Pollution Risk Assessment
Environmental risk due to water pollution is an ongoing everyday problem. Municipal wastewater systems are one of the largest pollution sources to surface waters, however, other major sources include residential and industrial discharges.
Threats from chemicals may come from sources such as pesticide use and waste disposal. Air pollution and land pollution also affect water quality.
Soil Pollution Risk Assessment
Contamination is one of the major threats to soil conservation, others being erosion, sealing, organic matter decline, compaction, and landslides. Soil-contaminating substances can be roughly divided into heavy metals, organic contaminants such as persistent organic pollutant (POPs), and nutrients. Pollutants may enter the soil through direct application, as is the case with pesticides and fertilizers (included sludge amendments), accidents, spills, or improper uses of industrial waste. Dry deposition of industrial air emissions or long-range transport of substances can also result in soil contamination. Contamination may have an impact on most soil functions including the support to human living. Since soil is the interface between area, water, and rock compartments and the platform for human activities and landscape, the term land contamination is often preferred to that of soil contamination (LI Wei-Xin et al., 2008) .
Hazardous Chemicals Risk Assessment 4.4.1. Quantitative Dose Response Analysis
One component of quantitative risk assessment is the search for and the study of the relationship between exposure and effect. Proof of the existence of a dose-response relationship is a basic element for the proof of a cause-effect relationship between the exposure to an agent and the occurrence of an effect. As a consequence, dose-response assessment is a key element in carcinogenic risk assessment. It is part of the hazard characterization step, when the fourstep approach to risk assessment is adopted. Recommended steps for the dose-response analysis are as follows:
• identify the kinds of data available on dose and response; • select the response and dose metric for assessment; • present and discuss the result of the dose-response assessment; and • explain the result of the analyses in terms of quality of data available (Edward L et al., 2008) 
Conclusions and Recommendation
Environmental risk assessment (ERA) is a basic concern in drilling industry. Regarding the fact that there are numerous serious environmental impacts in drilling operations, the HSE departments of drilling companies must take account of environmental issues wherever possible. This article effectively discusses the environmental regulations and laws in drilling operations. In particular, article 50 of the Iranian constitutional law and the environmental policy of National Iranian Drilling Company (NIDC) are mentioned. According to these regulations and considering environmental issues as a global concern, it is compulsory for the companies to design their programs in a way that is environmentally safe. This is not possible without the help of environmental risk assessment. Environmental rules and regulations illustrate the basic framework of what should be done in an industry. Drilling industry, tackling with numerous environmental risks, is inevitably a good example of this. National Iranian Drilling Company (NIDC) however, does not follow strict environmental rules in this field. Considering the basic environmental policy of the company, it might be possible to disregard the policy in diverse branches of the company. On the contrary, if there are strict rules based on individual hazards, and penalties are carried for deviations, the regulations would evidently help reduce the environmental impacts of drilling. It is recommended that strict rules be designed to make environmental friendly operations in drilling industry in Iran. It is hoped that the results of this article helps the improvement of environmental concerns in Iran's drilling industry.
